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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to improvements in sem- 5 
iconductor Integrated circuit fabrication processes, or 
the like, and more particularly to improvements in proc- 
esses for making vertical PNP transistors, which may 
be performed in conjunction with other semiconductor 
fabrication processes, especially BiCMOS and related 10 
processes. 

BACKGROUND OF THE INVENTION 

[0002] Many mixed-signal BiCMOS processes today is 
are based on N well CMOS, BiCMOS, LinCMOSO, or 
LinBiCMOSO starting processes. In linear mixed-signal 
device fabrication processes, it is often necessary to use 
isolated complementary, or CMOS, devices in the de- 
signs to be accomplished. In many linear applications, 20 
however, bipolar devices are preferable to CMOS de- 
vices, due to the higher transconductance, improved 
noise performance, and 'voltage-handling capabilities of 
such bipolar devices. It is evident, of course, that the 
provision of vertical PNP transistors in addition to tradi- 2£ 
tional vertical NPN transistors, which are easier to con- 
struct, would be extremely useful. However, N well 
CMOS processes do not easily lend themselves to 
building isolated vertical PNP devices. In fact, isolated 
vertical PNP transistors have not been commonly con- 30 
structed in conventional bipolar processes that use N 
type epitaxially grown silicon. 

[0003] As a result, when a PNP transistor is needed 
in N well processes, designers frequently construct iso- 
lated lateral PNP transistors. Isolated lateral PNP tran- 35 
sistors, however, have many disadvantages. Common- 
ly, for example, isolated lateral PNP transistors have a 
low frequency threshold (F t ) due to the long base widths 
dictated by the lithography used in the device manufac- 
turing process. Isolated lateral PNP transistors also 40 
commonly have an early onset of high -current injection 
due to lightly doped base regions when the N well diffu- 
sion serves as the base. Finally, isolated lateral PNP 
transistors generally require a relatively high ratio of de- 
vice size to substrate area. Historically, the lack of a suit- 45 
able PNP transistor has hampered analog designs, re- 
sulting in elaborate schemes to shield the slow, isolated, 
lateral PNP transistors from the signal path. This was 
sometimes possible, but in many instances it was not. 
[0004] Despite the trend toward construction of lateral sc 
PNP transistors when they are needed, vertical, or sub- 
strate, PNP transistors generally can be constructed in 
N well BiCMOS processes. However, they are typically 
formed in a common collector form, which greatly limits 
their applicability. Furthermore, it is undesirable in most si 
BiCMOS processes to have large substrate currents 
present, which would certainly be the case with sub- 
strate PNP transistors. Such substrate currents can lead 



to debiasing effects, increasing the potential for latchup. 
Thus, the lack of a suitable PNP transistor has resulted 
in an effective inability to merge high performance ana- 
log circuitry with digital logic, a critical requirement as 
the push toward mixed-signal system chips accelerates. 
[0005] A method of making an isolated vertical PNP 
transistor in a complementary BiCMOS process with 
EEPROM memory is known from EP-A-0 529 860. The 
isolated vertical PNP transistor is formed on a P sub- 
strate with a P epitaxial layer. The collector of the vertical 
PNP transistor is isolated with an N buried layer formed 
in the P substrate and an N+ buried layer on the side- 
walls for isolation. The collector is formed with a P+ layer 
buried in the N- layer. Subsequently, the P epitaxial layer 
is deposited and an N+ sinker is diffused down to the 
N+ buried layer to complete the isolation. The emitter of 
the vertical PNP transistor is formed during the same 
step as the P+ source/drain implant for the CMOS tran- 
sistors. By forming the collector and its isolation regions 
in the substrate before depositing the epitaxial layer, the 
process is compatible with forming EEPROM which is 
done after the epitaxial layer is deposited. An earlier im- 
plantation of the N base layer in the front-end of the proc- 
ess allows a deeper base junction depth, for formation 
of a high voltage PNP transistor. Alternately, the base 
can be formed later in the process, for a low voltage tran- 
sistor. The presence of both high and low voltage tran- 
sistors makes integration of EEPROM on the same chip 
practical. 

[0006] U.S. Patent 4,855,244 discloses a method of 
making a vertical PNP transistor in merged bipolar/ 
CMOS technology. The transistor has a P+ buried layer 
as a collector region, which is isolated from the P sub- 
strate by an N- buried layer. The P+ buried layer diffuses 
downwards into the N-buried layer and upwards into a 
P- epitaxy layer and into a base region. The base region 
is formed in the same processing step as the N well re- 
gion of a PMOS transistor and the collection region of a 
NPN transistor. By diffusing into the base region, the 
width between the collector and emitter is reduced. The 
emitter can be formed in conjunction with the source and 
drain regions of the PMOS transistor. The vertical PNP 
transistor is laterally isolated from the other transistor 
devices by an annular ring formed from an N+ region 
formed in conjunction with an N+ DUF region used in 
the NPN transistor, and an N+ region formed in conjunc- 
tion with an N+ collector region of the NPN transistor. 
An N+ DUF region may also be used in conjunction with 
the PMOS transistor. 

[0007] U.S. Patent 4,994,887 describes an integrated 
circuit having PMOS, NMOS and NPN transistors for ap- 
plications in which both digital and analog circuits are 
required. The integrated circuit is designed to allow 
standard CMOS cells to be used in the integrated circuit 
without redesign. That document discloses forming a 
lightly doped P epitaxial layer on a higly doped P sub- 
strate prior to forming N+ DUF regions in a BiCMOS 
process. 
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[0008] Of course many semiconductor integrated cir- 
cuit processes are quite complicated, involving the use 
of many masks and many process steps. It is therefore 
important to minimize as much as possible the 'number 
of masks and process steps necessary to fabricate a 
complete device, as each additional step or mask has 
a tendency to reduce the yield and reliability of final cir- 
cuits. 

SUMMARY OF THE INVENTION 

[0009] In light of the above, therefore, it is an object 
of the invention to provide an improved process for mak- 
ing a vertical PNP transistor. 

[0010] It is still another object of the invention to pro- 
vide a process for making a vertical PNP transistor that 
does not require undue additional masks or process 
steps. 

[0011] These and other objects, features and advan- 
tages of the invention will be apparent to those skilled 
in the art from the following detailed description of the 
invention, when read in conjunction with the accompa- 
nying drawings and appended claims. 
[0012] In accordance with the invention, a process for 
making a vertical PNP transistor is presented. The proc- 
ess includes the steps defined in claim 1 . 
[0013] Various steps in the construction of the vertical 
PNP transistor, such as the steps of diffusing an isola- 
tion impurity, diffusing a base impurity, and diffusing an 
emitter impurity process, may be performed simultane- 
ously with corresponding steps of a BiCMOS process. 
In one embodiment, for example, the step of forming a 
tunnel diode for charge transfer to a floating gate of an 
EEPROM device may be performed at the same time 
as the step of diffusing a base impurity in the construc- 
tion of the vertical PNP device. 

[0014] In the construction of the PNP transistor, the 
step of implanting an emitter impurity of the second con- 
ductivity type into the exposed emitter region may be 
performed by implanting boron, and the step of implant- 
ing a base impurity of the second conductivity type into 
the exposed well region may be performed by implant- 
ing antimony. 

BRIEF DESCRIPTION OF THE DRAWING 

[0015] The present invention will now be further de- 
scribed with reference to the accompanying drawings, 
in which; 

Figures 1 a - 1 h are cross sectional side views of a 
portion of an integrated circuit, showing the se- 
quence of fabrication steps in the construction of an 
isolated vertical PNP transistor, in accordance with 
a preferred embodiment of the invention; 

Figure 2 is a graph taken at B-B in Figure Ih showing 
a doping concentration profile as a function of depth 



into a vertical PNP transistor from its surface, in ac- 
cordance with a preferred embodiment of the inven- 
tion; 

5 Figure 3 is an enlarged portion of the graph of Fig- 
ure 2, showing the effects of a collector resistivity 
adjusting implant on the base width of a resulting 
PNP transistor, in accordance with one aspect of a 
preferred embodiment of the invention; 

w 

Figures 4a and 4b are cross sectional drawings of 
a portion of an integrated circuit in which a few de- 
vice structures that are typically found in many BiC- 
MOS processes are illustrated in combination with 
15 a vertical PNP transistor constructed in accordance 
with the invention to show some of the process 
steps that may be simultaneously performed; 

Figure 5 is a cross sectional drawing of a portion of 
20 an integrated circuit showing an isolated vertical 
PNP transistor, without a collector resistivity im- 
plant, in which a donor impurity has been introduced 
adjacent the base region to improve the voltage 
handling capability of the PNP transistor; and 

25 

Figures 6a and 6b cross sectional drawings of a por- 
tion of the integrated circuit of Figure 5 showing the 
performance of preliminary surface doping and 
counter doping to selectively dope the upper portion 
30 or surface region of the epitaxial collector of the 
PNP transistor. 

[0016] In the various figures of the drawings, which 
are not necessarily drawn to scale, like reference nu- 
35 merals are used to denote like or similar parts. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 [0017] It should be noted that the process steps and 
structures herein described do not necessarily form a 
complete process flow for manufacturing integrated cir- 
cuits. It is anticipated that the present invention may be 
practiced in conjunction with integrated circuit fabrica- 

4£ tion techniques currently used in the art, and only so 
much of the commonly practiced process steps are in- 
cluded as are necessary for an understanding of the 
present invention. 

[001 8] According to a preferred embodiment of the in- 
so vention, a process is presented for making a vertical 
transistor, and in particular, a vertical PNP transistor in 
a doped semiconductor substrate of a first conductivity 
type. The steps in the process are illustrated in se- 
quence in Figures 1 a - 1 h, which are cross sectional side 
55 views of a portion of an integrated circuit. The resulting 
vertical PNP transistor is shown in Figure 1h. 
[0019] The process for making the vertical PNP tran- 
sistor may be, and is preferably performed in conjunc- 
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tion with atypical process for making mixed-signal BiC- 
MOS structures. Thus, in a typical process for making 
mixed-signal BiCMOS structures, a silicon semiconduc- 
tor substrate 10 is provided, which has been heavily 
doped with an acceptor impurity, such as boron, or the 
like, to have a P+ type conductivity, as shown in Figure 
la. In a typical CMOS or BiCMOS process, a first layer 
12 of semiconductor material that has been lightly 
doped with a donor impurity to have a P- conductivity 
type is epitaxial ly grown on a surface of the semicon- 
ductor substrate 10. 

[0020] In a typical BiCMOS process, often a second 
lightly doped layer 1 6 (described in conjunction with Fig- 
ure 1c below) is formed on the first layer 12. However, 
prior to the formation of the second lightly doped layer 
16, in order to provide an isolation tank or region into 
which the vertical PNP transistor of the invention can be 
fabricated, a highly doped N type buried isolation region 
1 8 (sometimes called a Diffusion Under Film or DUF lay- 
er) is formed in the first P type epitaxial layer 12. The 
DUF layer 18 will horizontally underlie the final PNP 
transistor structure to isolate a portion of the upper epi- 
taxial layer 1 6, which will subsequently be formed, from 
the lower or bottom epitaxial region provided by the first 
epitaxial layer 12 and the substrate 10. 
[0021] The DUF layer 1 8 may be formed by implanting 
a high concentration of a donor impurity, such as anti- 
mony, into a masked region (mask not shown) of the first 
epitaxial layer 12, as shown in Figure 1b. Then, an initial 
DUF diffusion is performed, partially driving the DUF im- 30 
purity into the first eptiaxial layer 12. 
[0022] The second epitaxial layer 1 6 is then formed 
over the first epitaxial layer 1 2 and the partially diffused 
DUF region, as shown in Figure 1c. The second epitaxial 
layer is lightly doped with an acceptor type impurity, 35 
such as boron, during its epitaxial growth to present an 
impurity level of about 2 X 1 0 15 atoms/cm 3 to provide a 
layer having a P- type conductivity. 
[0023] Following the formation of the second epitaxial 
layer 16, N+ wells 20 and 21 are formed to completely 40 
laterally isolate an island or tank region 22 of the upper 
epitaxial layer 1 6 in which the vertical PNP transistor will 
be formed. The N+- wells 20 and 21 may be formed by 
implanting the well regions with a high concentration lev- 
el of a donor impurity, such as phosphorus, followed by 45 
sufficient impurity drive-in to drive the N type impurity 
ions to the underlying DUF region 1 8 (it should be noted 
that although two N+ wells 20 and 21 appear in the draw- 
ings, the physical configuration of the N+ well preferably 
would be a single region encircling or encompassing the sc 
interior semiconductor island, the two N+ well extents 
that intersect the cross-sectional view of the drawings 
only appearing as separate N+ well structures.) During 
the drive-in of the N+ well impurity, the underlying DUF 
region 18 will also be driven beyond the extents of its st 
initial drive-in and into the upper epitaxial layer 16 and 
further into the lower epitaxial layer 1 2, so that, properly 
done, the DUF region 18 and the N+ well diffusions 20 



and 21 join to completely isolate the island region 22 of 
the second epitaxial layer 16, as shown in Figure 1d. 
[0024] One or more collector resistivity adjusting im- 
purities are implanted and diffused into the second epi- 
taxial layer 1 6 prior to the next step of diffusing the base 
impurity. One method by which such impurities may be 
implanted is shown in Figures 1e and 1f, which, as men- 
tioned may be optionally performed as a part of the fab- 
rication process by which the vertical PNP transistor of 
the invention is constructed. The process may be, for 
instance, a part of a standard LOCOS technique for field 
oxidation and implants. Thus, as shown in Figure 1e, 
the first step may be to form a layer of pad oxide 40 
overall. Next, a layer of nitride 41 is formed, followed by 
a layer of photoresist 42. The photoresist layer 42 and 
the nitride layer 41 are patterned, essentially in an "in- 
verse moat" pattern that defines the inverse layout of 
the features of the desired final PNP transistor. At this 
point, a donor impurity, such as phosphorous, is implant- 
ed into the areas of the epitaxial layer 16 exposed by 
the patterned nitride 41 and photoresist 42. A second 
layer of photoreisist45, shown in Figure If, may then be 
formed over selected lower level photoresist/nitride fea- 
tures, or over the surface of the epitaxial layer 1 6 itself. 
Thus, for example, a second layer 45 of resist may be 
placed over the first layer of resist 42 and nitride 41 over 
the left N+ well 20, and entirely over the right N+ well 
21 . An acceptor impurity, such as boron, is then implant- 
ed into the exposed areas, counter doping the previous- 
ly implanted donor impurity in common exposed re- 
gions, to become predominately P type. In regions that 
are masked by the second photoresist layer 45, on the 
other hand, the originally implanted donor impurity is 
seen, such as at the surface of the N+ well 21 and at 
the peripheral region of the surface of the N+ well 20. 
The resist layers 42 and 45, the nitride layer 41 , and the 
pad oxide layer 40 are then removed. 
[0025] The introduction of the resistivity adjusting im- 
plant is desirable because of the high collector resist- 
ance that may exist due to the epitaxial layer 16 being 
only lightly doped (in some cases, such boron implant 
may be performed as a part of a concurrently performed 
BiCMOS process step, such implant often being used, 
for instance, to increase the operating voltage of NPN 
transistors which also might be fabricated in some ap- 
plications. An example of such process can be seen, for 
example, in U.S. Patent 4,855,244, assigned to the as- 
signee hereof). One effect of the resistivity adjusting im- 
plant is to raise the doping level in the top several mi- 

> crons of the second epitaxial layer 16. As a result, the 
collector resistance of the PNP transistor will be re- 
duced, and, in addition, the base width of the PNP tran- 
sistor will be reduced, as can be seen from the graphs 
of Figures 2 and 3. The reduction in the width of the PNP 

> transistor will result in a device with increased current 
gain (H fe ) and frequency threshold (F t ). 

[0026] An isolation layer, which may conveniently be 
a field oxide layer 26 shown in Figure Ig, may then be 
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formed and patterned for the body and contact regions 
of the PNP transistor. Then, an N type base impurity is 
diffused into the tank or island 22 in the top epitaxial lay- 
er over the substrate to form the base region 28. The 
base impurity may be a donor impurity such as arsenic, 
antimony, or phosphorus. It should be noted that if the 
vertical PNP structure of the invention is constructed in 
conjunction with other BiCMOS structures, for example, 
structures involving tunnel diodes, or the like, the N type 
base impurity diffusion may also be used to form a tun- 
nel diode region of such other structures, if desired. 
[0027] After the formation of the base region 28, a P 
type emitter impurity 30 may be implanted and diffused 
into the base region to form the P+ emitter of the vertical 
PNP transistor, as shown in Figure 1h. The emitter im- 
purity may be an acceptor impurity such as boron. Con- 
currently, a P+ collector contact region 34 also may be 
formed. Then, a donor type impurity may be implanted 
into regions 32 and 35 to provide an N+ base contact, 
and to afford an N+ DUF contact to enable the DUF and 
N+ wells, which underlie and surround the transistor 
structure, to be reverse biased, if desired, to assist in 
maintaining the isolation of the PNP device. It is noted 
that the N+ base contact region 32 may also be simul- 
taneously performed with a source/drain implant/diffu- 
sion of an associated NMOS transistor, if the PNP tran- 
sistor is being constructed as a part of a BiCMOS proc- 
ess. 

[0028] As mentioned, it will be appreciated that since 
the processes for forming the various elements of the 
vertical PNP transistor may be similar to steps of a typ- 
ical CMOS process, the steps for forming the vertical 
PNP transistor may be performed simultaneously during 
at least a portion of some BiCMOS processes if those 
processes have appropriate corresponding device 
structures. The cross sections of a few typically formed 
BiCMOS device structures are shown in Figures 4a and 
4b, juxtaposed with a vertical PNP transistor construct- 
ed in accordance with the invention. In the structure il- 
lustrated in Figure 4a, for example, a standard isolated 
vertical PNP transistor 60 is shown fabricated in the 
same isolated island 61 as an isolated vertical PNP tran- 
sistor 63 that has a collector resistivity implant 64 un- 
derlying its base. The collector resistivity implant is la- 
beled tt N well adj u , since the implant may be performed, 
for example, concurrently with an N well adjust implant 
68 in the formation of a high voltage NPN transistor 70. 
A standard vertical NPN transistor 71, which does not 
include an N well adjust implant, is shown adjacent the 
high voltage NPN transistor 70 for reference. Also, the 
base diffusion is labeled tunnel", since it can be per- 
formed concurrently with the formation of the tunnel im- 
plant and diffusion of the tunnel region of an accompa- 
nying EEPROM device 74. 

[0029] Furthermore, the steps of forming the highly 
doped N type buried isolation regions 80 which underlie 
the islands in which the vertical PNP and NPN transis- 
tors are constructed can be simultaneously performed. 



Also, the implant and diffusion of the emitter impurity 82 
of the vertical PNP transistor may be performed simul- 
taneously with the formation of the source and drain re- 
gions 83 and 84 of an accompanying PMOS transistor 
5 85 and an implant into regions 88 and 89 in base regions 
91 and 93 for the respective high and low voltage NPN 
transistors 70 and 71 . An NMOS transistor 86 is shown 
adjacent the PMOS transistor 85 for reference. 
[0030] As shown in Figure 5, an isolated vertical PNP 
10 transistor 90, which does not include a collector resis- 
tivity adjusting implant, is shown. A donor impurity 92; 
such as phosphorus, is implanted or introduced adja- 
cent the base region 94 to improve the voltage handling 
capability of the PNP transistor. It has been found, for 
is example, that in an embodiment of a PNP transistor that 
has a voltage handling capability of about 25 volts, such 
implant can improve the voltage handling capability of 
the resulting PNP transistor to about 80 volts. The im- 
plant 92 can be accomplished, for example, by appro- 
ve priate masking to define an area slightly larger than the 
area of the PNP transistor, during similar implantation 
of a donor impurity into the N well regions 98. Alternate- 
ly, the doping may be accomplished by a blanket implant 
of the channel stop for N wells 98, followed by a counter 
25 doping implant with an acceptor impurity 99 in masked 
areas away from the region of the vertical PNP transistor 
90. 

[0031 ] One way by which the surface dopant may be 
implanted is by a process similar to that described above 

30 with reference to Figures 1e and 1f, as now shown in 
Figures 6a and 6b. With reference first to Figure 6a, the 
structure of Figure 5, before the formation of the surface 
oxidation and device elements is first coated with a layer 
of pad oxide 110 overall. A layer of nitride 111 and pho- 

35 toresist 112 are then also formed overall. The nitride 111 
and photoresist 112 are then patterned in an "inverse 
moat" pattern, to expose the areas that will surround the 
features of the PNP transistor, and other areas desired 
to be implanted. As shown, a donor impurity, such as 

40 phosphorus, is implanted into the exposed areas. 

[0032] Next, a second layer of photoresist 115 is se- 
lectively patterned over various desired features creat- 
ed by the first layer of photoresist 112 and nitride 111 . 
For example, as shown in Figure 6b, the first layer 112 

45 of photoresist and its accompanying underlying nitride 
layer 111 over the region 120 of the base of the transis- 
tor, over the region 122 of the left N+ well 123 and en- 
tirely over the region 125 of the right N+ well 126 may 
be covered with the patterned second layer of photo re- 

50 sist 1 1 5. Then, an acceptor impurity, such as boron, may 
be implanted into the exposed regions, counter doping 
the regions previously doped with the donor impurity, 
leaving the N channel stop regions adjacent the base of 
the transistor, the N surface regions of the right N+ well 

55 1 26, and the N surface peripheral regions of the N+ well 
123. The remaining exposed regions are P type. The 
pad oxide 1 1 0, nitride layer 112, and the first and second 
photoresist layers 112 and 115 are then removed. 
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Claims 



. A p rocess for making a vertical PN P transistor, com- 
prising the steps of: 

forming a highly doped N type buried isolation 
region (1 8) in a P type semiconductor substrate 
(1 0) to vertically isolate a top portion of said 
substrate from a bottom portion of said sub- 
strate by diffusing a N type impurity into a buried 
portion of said substrate; 

forming a highly doped N type isolation region 
(20, 21) to encompass and laterally isolate said 
top portion of said substrate; 

diffusing a N type base impurity into said en- 
compassed top portion (22) of said substrate to 
form a base region (28); 

diffusing a P type emitter impurity into said base 
region (38) to form an emitter region (30) and, 
wherein said step of diffusing an N type impurity 
into a buried portion of said substrate compris- 
es: 

forming a first lightly doped layer (12) of P 
type semiconductor material on a surface 
of a higly doped P type substrate (10); 

introducing a N type buried layer impurity 
into a surface region of said first lightly 
doped layer (12); 

forming a second lightly doped layer (1 6) 
of P type semiconductor material on said 
first lightly doped layer (1 2) and said buried 
layer impurity to provide said top portion of 
said substrate; 

diffusing said N type buried layer impurity 
into said first and second lightly doped lay- 
ers (12, 16) of P type semiconductor mate- 
rial; and 

diffusing a P type collector resistivity ad- 
justing impurity into a surface of the second 
lightly doped layer (16) prior to the step of 
diffusing the base impurity. 

2. The process of claim 1 , wherein said steps of form- 
ing the first and second lightly doped layers (1 2, 1 6) 
of P type semiconductor material comprise epitax- 
ially growing said first and second layers (12, 16). 

3. The process of claim 1 , wherein said step of diffus- 
ing a base impurity comprises diffusing antimony in- 
to said second layer (16). 



4. The process of claim 1 , wherein said step of diffus- 
ing an emitter impurity comprises diffusing boron in- 
to said second layer (1 6). 

5 5. The process of claim 1 , further comprising the steps 
of forming base and emitter contact regions to the 
base and emitter impurities. 

6. The process of claim 1 , further comprising perform- 
to ing at least a portion of a BiCMOS process simulta- 
neously with said steps of forming the N+ buried iso- 
lation region (18), diffusing the base impurity, and 
diffusing the emitter impurity. 

15 7. The process of claim 6, wherein said BiCMOS proc- 
ess includes the step of forming an EEPROM (74) 
having a tunnel diode for charge transfer to a float- 
ing gate, and wherein said step of diffusing the base 
impurity is performed simultaneously with a tunnel 
20 diode diffusion. 



Pate ntansp ruche 
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ProzeB zum Herstellen eines vertikalen PNP-Tran- 
sistors, der die folgenden Schritte umfaBt: 

Bilden eines stark dotierten vergrabenen N-lso- 
lationsbereichs (18) in einem P-Halbleitersub- 
strat (1 0), urn einen oberen Abschnitt des Sub- 
strats von einem unteren Abschnitt des Sub- 
strats vertikal zu isolieren, indem N-Storstellen 
in einen vergrabenen Abschnitt des Substrats 
diffundiert werden; 

Bilden eines stark dotierten N-lsolationsbe- 
reichs (20, 21), urn den oberen Abschnitt des 
Substrats zu umschlieBen und seitlich zu iso- 
lieren; 

Diffundieren eines N-Basis-Storstoffs in den 
umschlossenen oberen Abschnitt (22) des 
Substrats, urn einen Basisbereich (28) auszu- 
bilden; 

Diffundieren eines P-Emitter-Storstoffs in den 
Basisbereich (38), urn einen Emitterbereich 
(30) auszubilden, wobei der Schritt des Diffun- 
dierens eines N-Storstoffs in einen vergrabe- 
nen Abschnitt des Substrats umfaBt: 

Bilden einer ersten schwach dotierten 
Schicht (12) eines P-Halbleitermaterials 
auf einer Oberflache eines stark dotierten 
P-Substrats (10); 

Einleiten eines N-Storstoffs fur eine ver- 
grabene Schicht in einen Oberflachenbe- 
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reich derersten schwach dotierten Schicht 
(12); 

Bilden einer zweiten schwach dotierten 
Schicht (16) des P-Halbleitermaterials auf 
der ersten schwach dotierten Schicht (12) 
und auf dem Storstoff fur die vergrabene 
Schicht, um den oberen Abschnitt des 
Substrats zu schaffen; 

Diffundieren des N-Stdrstoffs fur die ver- 
grabene Schicht in die ersten und zweiten 
schwach dotierten Schichten (12, 16) des 
P-Halbleitermaterials; und 

Diffundieren eines P-Kollektor-Storstoffs 
zur Einstellung des spezifischen elektri- 
schen Widerstandes in eine Oberflache 
der zweiten schwach dotierten Schicht (1 6) 
vor dem Schritt des Diffundierens des Ba- 
sis-Storstoffs. 

2. ProzeB nach Anspruch 1 , bei dem die Schritte des 
Ausbildens der ersten und zweiten schwach dotier- 
ten Schichten (12, 16) des P-Halbleitermaterials 
das epitaktische Aufwachsen der ersten und zwei- 
ten Schichten (12, 16) umfassen. 

3. ProzeB nach Anspruch 1 , bei dem der Schritt des 
Diffundierens von Basisstorstellen das Diffundieren 
von Antimon in die zweite Schicht (16) urnfaBt. 

4. ProzeB nach Anspruch 1 , bei dem der Schritt des 
Diffundierens des Emitter-Storstoffs das Diffundie- 
ren von Bor in die zweite Schicht (1 6) urnfaBt. 

5. Proze3 nach Anspruch 1 , der ferner die Schritte des 
Ausbildens von Basisund Emitter-Kontaktberei- 
chen in den Basis- und Emitter-Storstoffen urnfaBt. 

6. ProzeB nach Anspruch 1 , der ferner das Ausf iihren 
wenigstens eines Teils eines BiCMOS-Prozesses 
gieichzeitig zu den Schritten des Ausbildens des 
vergrabenen N + -lsolationsbereichs (18), des Dif- 
fundierens des Basis- Storstoff s und des Diffundie- 
rens des Emitter-Storstoffs urnfaBt. 

7. ProzeB nach Anspruch 6, bei dem der BiCMOS- 
ProzeB den Schritt des Ausbildens eines EEPROM 
(74), der eine Tunneldiode fur die Ladungsverschie- 
bung zu einem schwebenden Gate besitzt, urnfaBt 
und bei dem der Schritt des Diffundierens des Ba- 
sis-Storstoffs gieichzeitig mit einer Tunneldioden- 
Diffusion ausgefuhrt wird. 



Revendications 

1 . Precede pour la creation d'un transistor PNP verti- 
cal comprenant les etapes suivantes : 

5 

une etape de formation d'une region d'isolation 
enterree hautement dopee de type N (1 8) for- 
mee dans un substratsemi-conducteurdetype 
P (1 0) pour isoler verticalement une portion su- 
io perieure dudit substrat d'une portion inferieure 

dudit substrat en diffusant des impuretes de ty- 
pe N dans une portion enterree dudit substrat ; 

une etape de formation d'une region d'isolation 
15 hautement dopee de type N (20, 21) pour en- 

glober et isoler lateralement ladite portion su- 
perieure dudit substrat ; 

une etape de diffusion d'une impurete de base 
20 de type N dans ladite portion superieure englo- 

bee (22) dudit substrat pour former une region 
de base (28); 

une etape de diffusion d'une impurete d'emet- 
25 teur de type P dans ladite region de base (38) 

pourformerune region d'emetteur (30) et, dans 
laquelle ladite etape de diffusion d'une impure- 
te de type N dans une portion enterree dudit 
substrat comprend : 

30 

une etape de formation d'une premiere couch e 
(12) legerement dopee formee de materiau 
semi-conducteur de type P sur une surface 
d'un substrat hautement dopee de type P (10); 

35 

une etape d'introduction d'une impurete de type 
N enterree dans une couche, dans une region 
de surface de ladite premiere couche legere- 
ment dopee (12); 

40 

une etape de formation d'une seconde couche 
(16) legerement dopee formee d'un materiau 
semi-conducteur de type P sur ladite premiere 
couche legerement dopee (12) et ladite impu- 
45 rete enterree dans la couche pour fournir ladite 

portion superieure dudit substrat ; 

une 6tape de diffusion de ladite impurete de ty- 
pe N enterree dans la couche dans lesdites pre- 
50 miere et seconde couches legerement dopees 

fomnees d'un materiau semi-conducteur de ty- 
pe P ; et 

une etape de diffusion d'une impurete d'ajuste- 
55 ment de resistance de collecteur de type P 

dans une surface de la seconde couche lege- 
rement dopee (16) avant I'etape de diffusion 
d'une impurete de base. 
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Precede selon la revendication 1 , dans lequel les- 
dites etapes de formation des premiere et seconde 
couches (12,16) legerement dopee de materiau 
semi-conducteur de type P comprennent une etape 
de developpement epitaxial desdites premiere et 5 
seconde couches (12,16). 

Procede selon la revendication 1 , dans lequel ladite 
etape de diffusion d'une impurete de base com- 
prend la diffusion d'antimoine dans la seconde cou- 10 
che (16). 

Procede selon la revendication 1 , dans lequel ladite 
etape de diffusion d'une impurete d'emetteur com- 
prend la diffusion de bore dans ladite seconde cou- 15 
che (16) 

Procede selon la revendication 1 , comprenant en 
outre les etapes deformation de regions de contact 
de base et d'emetteur sur les impuretes de base et 20 
d'emetteur. 

Procede selon la revendication 1 , comprenant en 
outre une etape de realisation d'au moins une por- 
tion d'un procede BiCMOS simultanement avec la- 25 
dite etape de formation de la region d'isolation en- 
terree detype N (18), en diffusant I'impurete de ba- 
se et en diffusant I'impurete d'emetteur. 

Procede selon la revendication 6, dans lequel ledit 30 
procede BiCMOS comprend une etape de forma- 
tion d'une EEPROM (74) ayant une diode tunnel 
pour le transf ert de charges vers une grille f lottante, 
dans lequel ladite etape de diffusion de I'impurete 
de base est realisee simultanement avec la diffu- 35 
sion d'une diode tunnel. 
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